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Abstract 
In recent years, fires in China are gradually developing to large, complex, cross-regional and other directions. The probability of 
multiple simultaneous major fire accidents is rising. How to optimize fire vehicles becomes the key point of fire prevention at the 
present stage. This paper discusses a optimize method of Fire alarm vehicles dispatching based on the transportation model and 
assignment problem, sets a mathematical model of this problem, which solution is given by LINDO/LINGO software. It verifies 
the feasibility and efficiency of this optimal method through a real example.  
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1. Introduction 
In recent years, fires in China are gradually developing to large, complex, cross-regional and other directions. 
Due to the large scale, the harmfulness of fire, the personnel needs, it is difficult to control fire timely and 
effectively by relying on limited fire fighting forces. Instead, it often affects fire fighting and rescue work and cause 
s great damage. So, in the cases of many places occur great fire accident simultaneously, it is a problem badly in 
need of solution that how should fire command center set up an optimal distribution of equipment for each fire 
station to muster enough forces at first time and douse the fire. 
As an important branch of operations research, transport problem combines with the actual needs. Transport 
model is used to solve the delivery plan of a single origin of goods from several producing areas to several 
destinations. Transportation problem is a typical linear programming problem. As a specific form of the 0-1 integer 
programming, Assignment problem is very important. The common application of Assignment problem is to 
distribute road for vehicle whose goal is consume the minimum total resources. At the same time, many 
transportation problems can evolve into the assignment problem to solve.  
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This paper discusses a optimize method of Fire alarm vehicles dispatching based on the transportation model and 
assignment problem, sets a mathematical model of this problem, which solution is given by LINDO/LINGO 
software. It verifies the feasibility and efficiency of this optimal method through a real example.  
2. The analyses of transport model and assignment model 
2.1. The mathematical model of the transportation problem 
Transportation problem is a special kind of linear programming problem. It is used to solve the delivery plan of a 
single origin of goods from several producing areas to several destinations [1].  
Put the transport costs of goods is proportional to the transportation quantity. And xij express the transportation 
quantity from origins to place of sales. On the premise of balance of production, we need solve the linear 
programming problem below to get the minimum total freight. 
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In the formula, the ai, bj, cij express supply, quantity demanded and unit price separately. 
On the problem of dispatching fire service vehicles, supposing the amount of available forces are equal to the 
amount of vehicles for fire need, the optimal method of Fire alarm vehicles dispatching can be built in the basis of 
mathematical model of transportation problem. 
2.2. The mathematical model of assignment problem 
The assignment problem is n units to undertake m tasks. Due to the different specialty, each unit accomplish 
different mission, its efficiency is different. Therefore, it is necessary to assign the task scientifically, ensuring 
consume the least resources to complete m tasks [2]. The assignment problem is also a 0-1 integer programming 
model, the variable xij only values 0 or 1. Then xij called the 0-1 variables, or binary variable. And xij generally can 
be expressed as: 
[LM 
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The mathematical model of the assignment problem can be written for: 
PLQ= 
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According to the mathematical model of the assignment problem, we can easily find that the assignment problem 
is not only the exception of 0-1 integer programming, but also is the exception of transportation problem. Therefore, 
the optimal method of fire alarm vehicles dispatching can be built based on the modeling of the assignment problem. 
3. The mathematical model of  the fire alarm dispatching problem  
3.1. Loss function 
When fire control command centre dispatches vehicles to multiple locations of the fire, it can be regarded as a 
transformation of traffic assignment problem and transportation problem. Therefore, this paper sets a mathematical 
model of this problem based on the mathematical model of transport problem and introduces the 0-1 integer variable 
to improve the model. And the problem of optimized objectives is solved through the optimal vehicle scheduling to 
minimize the total loss of multiple fire sites. In the estimation of fire damage, this is the key problem in the actual 
situation, but also is difficult to estimate accurately. However, because of the statistical data of the travel time of fire 
engine between each fire station and fire site can be obtained easily in the peacetime fire fighting. Thus each loss of 
fire location can be expressed as function of time. That is .Time is the travel time of fire engine 
between each fire station and fire site. The fire damage of each fire location makes up the loss matrix, specified 
by .
( )D f t= t
C
First, in order to solve this problem with transport modeling, naturally put fire station m as outlets. Since the 
author considers the loss function as linear function of fire truck arrival time, if put fire sites p as demand point, it is 
difficult to describe the sequence of fire truck arrival conveniently, so difficult to determine the size of the loss. 
Therefore, we can consider the amount of available fire truck of m fire sites n as n demand point. Thus, the value of 
each demand point is only 1 or 0. So the 0-1 integer variable xij is decision variables, expressing whether the fire 
station   i send fire truck to the demand point   j (1 means send, 0 means not send) 
Hence, the total loss minimum decision goal is: 
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Constraint conditions have two kinds, one kind is the fire station with quantitative restriction, and another kind is 
the demand restriction of fire truck for fire. 
bi is the quantity of fire truck that fire station possessed, as shown by the following formula: 
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The demand restriction of fire truck for each demand point can be expressed by the following formula: 
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The above four equations are simultaneously solved, and given the mathematical model of the fire alarm 
dispatching problem. 
Due to the arrival time of fire engine to each fire sites is different, so the selection of optimal solution should also 
considered the arrived sequence of fire engine to each fire. And specific constraint conditions should be based on the 
analysis of concrete examples. But must follow such a principle: the fire station which is recent distance from fire 
place priority to send fire engine. 
3.2. The solving of model  
This study is a t transformation of the transportation problem and the assignment problem. Based on the 
mathematical model of the transportation problem, the author introduced the 0-1 integer variable xij and added 
specific constraints, establishing the mathematical model of the fire alarm dispatching problem. So the Hungary 
method of the assignment problem no longer applies to this problem. Because of this problem is still belongs to 
linear programming problems, therefore, the general solving method of linear programming problem is also applied 
to this problem. 
In order to get a more rapid solutions, computer software often be used to solve the actual problem solution. At 
present, mainly used for statistical data processing software has Matlab, LINDO/LINGO, Origin, and Excel. 
LINDO/LINGO is a kind of software package used specifically to solve mathematical programming problem. 
LINDO/LINGO running fast and execution, easy to input, analyze and solve the mathematical programming 
problem. Therefore, it is widely used in mathematics, science and industry. LINDO/LINGO mainly used for solving 
linear programming, nonlinear programming, a quadratic programming and integer programming problems. It also 
can be used in some nonlinear and linear equations for solving algebraic equation and the root. LINDO/LINGO 
contains a kind of modeling language and many common mathematical functions for users invoking to establish 
programming problem. The problem discussed in this paper can solve by LINDO/LINGO software. 
4.  Example analysis 
4.1. Case description 
Some city fire command center received three fire calls simultaneously. According to the current fire behavior, 
three fire sites separately need 2, 2 and 3 fire trucks to put out a fire. The loss of three fire sites will depend on the 
truck arrived in degree: tij is the arrival time of fire engine j to fire site i, the loss function of three fire site (million) 
are:  4t11+6t12,3t21+7t22,5t31+8t32+9t33. Currently, the quantity of available fire truck is seven belongs to three fire 
stations (respectively 3, 2, and 2). The travel time of fire truck from three fire stations to three fire sites is shown in 
the table 1. How to formulate rational scheduling solution and getting the minimum total loss? 
Table 1. The travel time of fire truck from three fire stations to three fire sites 
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Time(min) Fire site 1 Fire site 2 Fire site 3 
Fire station 1 6 7 9
Fire station 2 5 8 11
Fire station 3 6 9 10
4.2. Model introducing 
Regarding three fire stations as supply centre, seven fire engines’ needs respectively as seven demand points (the 
arrival time are t11, t12,  t21, t22,  t31 , t32 and t33). The value of each demand point is 0 or 1, a total of 21 0-1 
variables. The form is shown below. 
Table 2. Form of the fire alarm dispatching problem 
Fire site 1 Fire site 2 Fire site 3 Cij
j =1 j = 2 j =3 j =4 j =5 j =6 j =7 
Supply 
Fire station i=1 C11 C12 C13 C14 C15 C16 C17 3
Fire station i=2 C21 C22 C23 C24 C25 C26 C27 2
Fire station i=3 C31 C32 C33 C34 C35 C36 C37 2
Demand 2 2 3
Cij   is the loss of fire truck from fire station i to fire site j.
Due to the loss function is linear function of fire truck arrival time, through simple calculation by given data, if 
the fire station 1 send fire engine to fire site 6, the fire loss is 8 x 9 = 72 (million). Similarly, the matrix loss can be 
shown by the following table. 
Table 3. Loss matrix (million) 
Fire site 1 Fire site 2 Fire site 3 Cij
j =1 j = 2 j =3 j =4 j =5 j =6 j =7 
Fire station i=1 24 36 21 49 45 72 81 
Fire station i=2 20 30 24 56 55 88 99 
Fire station i=3 24 36 27 63 50 80 90 
Hence, to get the minimum total loss, can solve optimization solution under the mathematical model: 
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At the same time to consider the arrived sequence of fire engine to each fire. So, we should add the new 
constraint condition to this model as follow.  
The constraint condition of fire site 1 is: 
22 21x x≤ 

(11)
The constraint condition of fire site 2 is: 
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The constraint condition of fire site 3 is: 
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4.3. Solving calculation 
This paper use LINDO/LINGO software to solve. Input the mathematical model of the fire alarm dispatching 
problem which combines formula (9) ~ (13) to LINGO software. 
Through this software can get the solution x14=x15=x13=x21=x22=x36=x37=1, other variables is 0, the 
minimum total loss is 335 million. Namely, the fire station 1 send two fire trucks to fire site 2, and send one fire 
truck to fire site 3. The fire station 2 should send two fire trucks to fire site1, and the fire station 3 send two fire 
trucks to fire site 3. After testing can be found, this optimization scheme is reasonable. If don't adopt the 
optimization scheme, the range of fire loss are about 371~354(million). By contrast, the fire loss reduces by 6.16% 
~9.7%. 
5. Conclusion 
• This paper sets a mathematical model of the fire alarm dispatching problem based on the theory of the transport 
model and the assignment model, finally obtains the reasonable optimization scheme. 
• Through a real example, this paper verifies the feasibility of the transport model and the assignment problem to 
solve the fire alarm dispatching problem.  
• Using this optimization scheme to reduce the fire loss by 6.16% ~9.7%, show the high efficiency of the transport 
model and the assignment problem in solving the problem. 
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